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I

THE APPLICATION OF MECHANICAL CLAMPS
TO PORTSMOUTH CONNECTORS

BACKGROUN)D

This report covers the work performed on Phase II of Contract No.
N00173-79-C-0129, "Research, Development, Test and Evaluation of Cables
and Connectors." This contract was awarded to Texas Research Institute,
Inc. (TRI) in Mlay 1979 as part of the FY79 Sonar Transducer Reliability
Improvement Program (STRIP).

The STRIP Program investigates problems of current interest to the
fleet. An objective of STRIP is to provide engineering solutions to
problems that improve the life and reliability of sonar hardware. Many
submarine transducers and hydrophones rely on the MIL-C-24231 (Portsmouth)
connector to provide electrical transmission through the pressure hull.
This connector, however, has had a history of premature and sporatic
failure due to water intrusion. One factor contributing to water leakage
is the deterioration or absence of the rubber-to-metal bond between the
molded connector boot and metal sleeve.

[t has been suggested that a mechanical clamp applied over the molded
boot at the metal bond interface would aid in preserving the watertight
integrity of the connector and would be a rapid, inexpensive quality im-
provement to connectors. The objective of this laboratory program was to
evaluate that suggestion by applying mechanical clamps to Portsmouth connec-
tors and measuring the effect of clamps on connector leakage.

APPROACH

A six-task program was designed to meet the objectives at this investi-
gation and is shown schematically in FIGURE I. The first task required that
a test plan be developed to statistically evaluate the efficiency of clamps.
To do this, potential clamping systems were identified and clamp samples
obtained. A hypothetical mission profile was assembled which detailed the
expected use stresses that submarine and surface ship connectors experience
in service, and the data were used to define testing parameters.

The MIL-C-24231 (Portsmouth) connector is shown in FIGURE 2. Three
water leakage paths are identified:

1. Between the cable and molded boot.
2. Between the metal sleeve and molded boot.
3. Through the "0" ring seal.

Manuscript submitted July 27, 1981.
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S inIce th11 ob)jCtive Of thIIi -- iI VeCSt ig",t in 1Was to0( deteOrmline0 th 1Wif f it' iC I)','
Of ClIamps a pplIied to thet 11olde1 d hoot , it was necessary' to ties, ign ;I t est
connecto r thIat \,oil d incorporate theIt phVs ic CI and mateOria I paral~llt r.,
of the Port-Mout h connector and prov ide a meas to mon itor lea ka ,i' at

each of the three p)OSSihie leakage'L paItlhs.

The test connector s;hown in FTl PEEP I was desitvned t o MOn it or ICAen "
T his connector incorporated thlree 01 Cc t r it'a pro he s to in -I a tile
presence of water in the connec tor an1d to iden t ifV v he' Irakn' .
A fa iled connector wasL- defined ais oneit shwl Ont inn itVxbtwe cat t'r
outside of the ronnectLor and e it her of tilt' re'sis-t a nr e jprobes o a0it ed
in t ie connec tor ho d v, when the i r es is ta tic t wa s tiasnred wit L a Iego
meter. Each r1onnec to r f a ilItire iden"t if ied by% resistanITce menI enrem'enWIt ',ns
conf imed by app v intz dv epeneLt rant ,sect ion inc- and v isnal I inlspttilo
the I eakaze pat to tssre that ''ai tie' in, ea ae en 'ir

Also in the Initial task, a tWO-paIrt connector test. plan nsdevel opel.
T he fir st par t ad dress od t Ie ma' nn11 far Ct n r ino, var in i s . o f roun re 'Ct or-- A 1 nd
the second addre sed Clamp Off iCi icrY . Several pol viirethane, and neopreneL
compouind s are uIsed inl manitfac Lir i n, ' t i.-C-242il connect iOr s, and it was
ant icipa t Ci that a m inimum of three C lam .p Oiill. eigswon d be eVa 1 nlt ed ill
thet program. Ini addlit ion, it was, desired to eVaIlutek shielde0( an1d non1-
,hijeldeid MIL-C-)1 5/SE7 cable. It bcame clea that1 it Wats not1 po0sibi e' to

manufacture a stati1st ically' skignif icant numbeLr of ronnectors iucrorpoLral in',
all pos,-sible Variables anid st ill obta in meanin.iful test datai.

TO narrow these - var ib Ies to a manalgOZIbi numbe iI ) r , theI( tw b oot t I i n,
olstomer., mos;t commonly used by Navy fac iiit ie, , the presenre' or- thrnL' L'

of anl ci astomer-to-metni hond , thlree c tap.1 designIs, and both iS~li el0 .11ttJ

nonsluieldeld LCrl5S cable were eva11liat ed in a screeinii. tt*Ion-

niecto rs icorporat in, thfe var in hilvs to be screened were as seib I ed inl I he
32-unit factor ial matrix shown inl TABLE 1 . The des.-ired re ti I t Ofscen
ing was to sreect a single connec tor iie s ign of bXoot Int~er in Ici'tp d c i '.1
and cabIle t Vpe most I ikel v to resuilt in low I On kase ra t ies he L'o1Tnr t 01

of tilie id en tifiled de'sign and a control conner~t or made to t he tieski n ii srI
most by Navy farciliies could thenl be madeL in staltist irni I \' sini il at

numbers to alIlow evalinnt ion of mechban iral I lmp o'ff icri riCeV

A screening test sequeceIL Was diCi ',net to qkaiif\v thet COnner t ors inl
thle matrix folIlowing the produict ion aC trOpt nur i' procoid itri's- oIf 1 (-.U2

After qualIificat ion, stress levels weri'e~daI incren si'd tint il quf ic lent
connector failures were produced to alIlow evalhin ionl of tilt, (ottui ut ionl
var iahies.

TFie object Of Second test SeqJItcl oure ws to eva Itinlt( eclamps oil the
connec tor identifiled as most li keily to sirCO' 11Vub a'i i'm II-t ilo' t lit' lo p inc
process of the test and control connler tor s. T[ItIo r i'sl II t i n1 A. ci\' I Of' Iat *'d
Life Test (ALl') tonsid ered thle stress I im it s o f th 1M i s4cion 1 Pro0f 11 0 a ltid
da ta o)bta ii f rom thle sc ree ning t est. So) t ha1 t, o it, st ri'. si' w'ri' n' I' o'r i t o'd
withotit exceed lug designiiitoftleonetoros ructo atri
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In the second task, 96 test connectors were manufactured. The first
32 units followed the matrix described in TABLE I. The second 32 were
manufactured to the preferred design as determined bv the results of the
factorial matrix, and the last 32 were control connectors. The control
units were made without clamps using shielded MII.-C-915/8E, DSS-3 cable,
and polyurethane PR-1547 with PR-420 primer on the metal sleeve and
PR-1523M on the neoprene cable. Molding of the connectors followed
procedures set forth in Molding & Inspection Procedures for Fabricating
Connector Plugs for Submarine Outboard Cables, NAVSHTPS 0902-022-2010.

The third task exercised the test sequence developed for the factorial
matrix, and Task 4 consisted of the accelerated exposure and testing of
32 connectors with clamps and 12 control connectors following, the ALT
sequence. Task 5 reviewed and analyzed the dat;i, and the analysis was
included in the published reports of Task 6.

6



TABLE I

FACTORIAL MATRIX

PO LYtRETANE I NEOPRENE
(PR-I 54!) I (JOY 319,735-8)

BONDED NOT BONDED I BONDED I NOT BONDED

I _ ___________

I SHIELDED X - X I I X
NO CLAMP I 7FT

_ UNSHIELDED X X I x x

] SHIELDED X I X I X X
OETIKER I7 T . T T

_ UNSHIELDED X I X I X X

BAND-IT I SHIELDED X I X I X X , r
PREFORMED I-I r T

UNSHIELDED - X I X I x X

BAND-IT I SHIELDED _ X I X X X

SCRU-LOKT -
1 UNSHIELDED) X I X X X

TOTAL MATRIX -- 32 UNITS

7



DISCUSSION OF RESULTS AND CONCLUSIONS

This investigation addressed the efficiency of mechanical clamps

applied to the molded hoot of Portsmouth Connectors. The specific ques-

tions that were pursued were:

I. Does a clamp prevent leakage in unbonded connectors?

2. Does a clamp lose effectiveness with time in service?

3. Can a "best" clamp design he identified?

4. Does a clamp decrease bond degradation rate?
5. Can the lifetime of a connector be determined?
6. What is the efficiency of clamps applied to connectors?
7. What cost trade-offs are associated with connectors?

The following discussions address these questions.

Unbonded Connectors

It was determined that clamps improve the water tight integrity of
non-bonded connectors. Test connectors were made with both polyurethane

and neoprene molded boots without bonds between the boot and metal sleeve,

and between the boot and cable jacket. To insure lack of bond, no adhe-
sives were used in manufacturing the connectors, and a mold release
agent was applied to the metal sleeve and to the cable jacket. The

completed connectors were examined and the boot was easily separated
from both the cable and sleeve.

Of eight polyurethane non-bonded connectors tested in the factorial

matrix, one of six clamped connectors and none of two Unclamped con-

nectors survived the total test cycle. Of the neoprene molded connectors,

six of six non-bonded clamped units survived along with one of two non-bonded
not clamped connector. The data do suggest that clamps do not increase
leakage, do decrease leakage of unbonded neoprene connectors, and may
improve unbonded polyurethane connectors. It should be noted, however,

that the statistical significance of these results indicates that the
performance difference between the polyurethane boot and the neoprene
boot may override clamp performance with the neoprene material perform-
ing better than the polyurethane.

Service Influence on Clamps

Thirty-two clamped connectors were subjected to accelerated life test-

ing (ALT) for a total of 32 weeks. The ALT exposures were within exposures
of the Mission Profile and the connectors were not stressed above levels
experienced in service. At the conclusion of the test sequence, four

clamped connectors had failed (12.5%), one of which was identified as a
manufacturing defect failing during the first weekly cycle. The other

three failed within weeks 21 and 23. The test was terminated before the
failure rate of clamped connectors was sufficient to predict wearout or
detrimental effects of service life on clamp efficiency. From the

iS



available data and estimates of acceleration factors shown in Appendix C,
it may be concluded that clamps can remain effective for a minimum of eight
years in service.

Clamp Design

Preliminary analysis of the Portsmouth connector system led to
guidelines for selecting a clamp. Included in the guidelines were:

1. Clamp material must be of relatively high strength and modulus
and show low stress relaxation. Most metal clamps have these
properties.

2. Clamp material must be non-corrosive in sea water or if corro-
sive, must have a satisfactory service history. Type K-Monel is
relatively inert in sea water and type 316 stainless steel, al-
though subject to crevice corrosion, has had a satisfactory service
record on transducers and hydrophones.

3. The clarip must he designed to be tightened to a consistent pressure.
Three general types of clamps are commercially available: a con-
tinuous hand tightened by crimping or swaging, an open band closed
and tightened by means of a self-contained screw, and an open band
closed and tightened using an external tensioning device and clo-
sure clip.

4. For installation on existing connectors, the clamp must be an
open type or he able to open sufficiently to fit over the connec-
tor tightening nut.

5. The clamp must be securely closed after tightening.

Three clamps were identified that met the above guidelines. These were
the Oetiker One Ear clamp, Band-It Jr. Preform and Band-It Scru-Lokt. The
factorial matrix test results showed a possible but not statistically
significant advantage of the Band-It Preform over the other two clamps.
However, ease of installation made the Preform clamp preferable over the
others and it was selected for further evaluation.

Bond Degradation Rate

Analysis of the test connectors at the conclusion of 32 weeks of
ALT showed that all the polyurethane and neoprene molded connectors had
marginal or nonexistent bonds at the sleeve-to-hoot interface. Typical.
connectors analyzed at the conclusion of the ALT are shown in FIGURES 4
and 5. Both boot types exhibited adhesive failure when the boot was
pulled from the sleeve with failure occurring between the adhesive and
elastomer.

The bond at the boot-to-cable Interface also appeared deteriorated.
Polyurethane units were sporatic In bond tenacity; some units showed a
combination of adhesive and cohesive failure. All units with neoprene

9,
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boots showed only cohesive failure. Examination of the bonds under

clamps at the cable and sleeve did not appear to be of better quality

than the bond away from the clamps.

To obtain an indication of cable bond deterioration, samples of

cable jacket bonded to polyurethane and to neoprene were aged in the ALT

sequence with test connectors. After four weeks of ALT the polyurethane-

to-cable bond strength decreased by approximately 26% and the neoprene-to-

cable bond strength by approximately 21%. After a total of eight weeks
of aging the polyurethane remained at the same level of 26% decrease and

the neoprene decreased by a total of 83%. While the neoprene bonds lost
far more of their strength, they were still showing cohesive failure.
The polyurethane-to-cable interface failed adhesively.

It can be concluded that both neoprene and polyurethane bonds degrade
in service, and the application of clamps does not inhibit this degradation.

Connector Lifetime Prediction

The results of the factorial matrix experiment and the ALT testing

show that the lifetime of a connector is dependent on construction.
.hen sub jected to the extreme stress of the factorial matrix screening

test 58.% of the clamped connectors survived compared with 37% of un-
clamped connectors. Considering mean cycles to leakage failure, clamped

connectors ranged from 14 for Oetiker clamped connectors to 47 for Band-

It Preform clamped connectors and 28 for Band-It Scru-Lokt connectors.
This compares with 16 for unclamped connectors. In the less severe ALT

sequence, unclamped control connectors failed at a rate suggesting wear-

out failure as shown in the histogram of FICUPE 6.

Equivalent service life exposures estimated from acceleration factors

for water permeation in neoprene and polyurethane are derived in Appendix
C. The acceleration factors used are shown in TABLE 2 and show that 32

weeks of ALT exposure is approximately equivalent to 14 service years

for neoprene connectors and 10 years for polyurethane. Using the factors

In TABLE 2, it may be seen in FICURE 6 that ten percent of the clamped

neoprene connectors failed in 21 weeks (equivalent to approximately 8.8

years) and ten percent of the unclamped polyurethane connectors failed

in eight weeks (equivalent to approximately 2.5 years).

It can be concluded that the lifetime of connectors is dependent on

construction parameters such as elastomer selection and the presence of

clamps.

Clamp Efficiency

A total of 64 connectors was made for determining clamp efficiency.
Thirty-two of these were control connectors constructed with a polyure-

thane (PR-1547) molded hoot and bonded with recommended bonding agents.

DSS-3 shielded cable was used and no clamp was applied.

12

,11



20 I
T-7
I I

T

T

T-T

T
tsI I

T-T T
1 1

T T

I

T T
T

Io I
-- Polyurethane -

S---T

T T
I If

Cycl NNeoprene Clamped
I--

T I Tml
I I1

T I
I tII I I I I I I I I I I I I I I I I I I

I I I r T -- T Wo-fT F-I-15- V--- (F-TqV-T 2-TF - T T 1"T-

Cycle Number (one week per cycle)

FIGURE 6 - ALT failure histogram for neoprene and polyurethane connectors

13

it



TABLE 2

ONE-WEEK ALT EXPOSURE SUMMARY

NEOPRENE I POLYURETHANE
EXPOSURE Accel. Equiv. I Accel. Equiv.l

Illours Temp, °C Factor Hours I Factor flours I

II I I I
1 2 1 -78 0 1 01 0 0I II I
1 8 1 25 I 1 8 1 I 81
I I I I
1158 I 70 23 3634 I 17 12686

TOTAL 168 3642 2694

(0.42 yr) (0.31 yr)l

14



The remaining thirty-two connectors were molded of neoprene (Joy No.

319,735-8) and bonded with recommended bonding agents. DSS-3 shielded
cable was also used in assembly. Each of these connectors was fitted
with a Band-It Preform clamp over the boot at the metal sleeve interface.
Sixteen of these test connectors were also fitted with a Band-It Preform

clamp over the boot-to-cable interface. FIGURE 7 shows the configuration

of a test connector fitted with a clamp at both bond interfaces.

At the conclusion of the test sequence eighteen of the thirty-two
(56%) control connectors failed and a total of four of thirty-two (13%)

clamped connectors failed. Of the clamped connectors that failed, all
were clamped only at the sleeve. None of the connectors clamped at both

sleeve and cable failed.

Analysis of the failures was made and of the eighteen failed poly-

urethane control connectors, ten were analyzed as sleeve bond failures

and two as cable bond failures. An additional three showed failure at
both bond areas. One control connector failed on the first cycle and

showed a manufacturing defect. The remaining two control failures cracked
because of handling during cold shock.

Of the clamped connectors, one showed a manufacturing defect after

failing the first cycle, two failed at the sleeve bond interface and one
at the cable bond interface.

It can be concluded that the clamped connectors show less tendency

to leak than do the control non-clamped connectors, and that clamp appli-
cation does not increase the incidence of leakage in connectors.

Clamp Economics

The cost of all the clamps identified was minimal compared to the

manufacturing and materials cost of the Portsmouth connector. In the

test connector manufacturing operation, approximately five minutes addi-

tional time was required to apply a clamp to a connector. Compared with

a total manufacturing time of 1 to 2 man hours for parts preparation for
molding, clamp addition would add 3-7% to the labor cost of a connector.

By applying clamps, a positive change in connector lifetime can be

expected which would effectively reduce connector costs.

It can be concluded that clamp application to Portsmouth connectors

will result in a slight overall cost increase but will appreciably prolong

the average service life of connectors.

2,5



Ves comr I" %'III KidIj fI"III I



DISCUSSION OF TASKS

The detailed data measurements and procedures associated with the
test program are presented in the following sections.

Mission Profile

A mission profile is a description of environmental and mechanical

stresses to which hardware is exposed during the lifetime of that hard-
ware. Environmental stresses include temperature extremes, thermal shock,
moisture exposure, ultraviolet radiation, pressure excursions and other
exposures that contribute to materials degradation or change in properties.

The information developed in a mission profile is essential for
product design and for verification test design. The maximum and minimum

stress exposures called out in a mission profile are used as guidelines
to design and test products. As such, the mission profile is a tool for
ensuring product reliability and life expectancy.

For this program, a hypothetical mission profile for connectors was

developed to provide maximum and minimum stress limits. Three categories

of mission profile were established, Transportation and Storage (TABLE 3),
Installation and Maintenance (TABLE 4) and Service: SSN (TABLE 5), SSBN
(TABLE 6) and Surface Ship (TABLE 7).

The general format used for describing the mission profile is as
follows:

Column I - Exposure number for identification.
Column 2 - Exposure description.
Column 3 - Range of exposure, maximum and minimum values

that can be experienced. This includes the
entire environmental range the item may be
expected to encounter.

Column 4 - Circumstances under which the exposure occurs.

Column 5 - Time weighted description of extreme exposure nor-
malized to one year's estimated stress, based on
maximum or minimum exposure values.

Column 6 - Time equivalent of extreme exposure.
Column 7 - Time weighted description of a typical or average

exposure normalized to one year's estimated stress.
Column 8 - Time equivalent of typical exposure.

Column 9 - Companion exposures that may contribute synergis-
tically to material changes in service.

Information contained in the mission profile was collected from various

sources. Among these are product specifications, steaming data or estimates
thereof, consensus opinion of Naval personnel associated with maintenance

and fleet operation, published literature and manufacturers' opinions. In
many instances hard numerical data for an exposure were not available and the
data presented were therefore estimated.
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TABLE

ISSION PR FlIF - IN TAILATI NX A.I IAI FE: ANI'

D DRAT ION (Tfm,- r Cyclcs)

-M 1- - XP SURE PR I CONT I NVI NG PFR 1 I C(HMPAN I ON

NO I EXPOSURE I RANGE I OC VV RAN:F FATRFYI- I YR. LONG TERM YR. EXP(SIR_, S I

1 Temperature 1-30' to +f±r°CF Dry DoIv -3)C or I 720

in Air I Winter 30 Piv I -r. Air , i,,
S" I - _- T T ,

I 2I I-1 I 'to +1 I !'

II___f_ r 180 Days 132(0 Irs'

__ T
Dry Dock I +h c fo') T I 2

Summer 8 Ors'Day 72n

I0 nays irs

I 6 +!!-Wto +l5} Vi

_ Ifor 18O DayFs 432_ __r_ l

1 I -1 --

SITemperature to +32C I Dockside I -2°C fo)r F 2160 I I I

S in Water I Winter 1 90 Da-s [Hrs F I F
I~ _ _T_ _ - . . .. - .. .T

F 8 F I I-10 to +!2°CI,'

I I ] for 180 DavP 4320 Htrs

7 I Dockside I +32'C for 1 21hn 1

ISummer 1 90 IDays I firs [

8 1 + 0 + tF +32°C[
SII I for 180 Dayj 4320 Hrsl

9 IThermal T<50*C I Dry Dockc I T = S0'C I I )luniditv

;Cycling I II Cvcle/DavI O0 i !Air Pollution

S1 1 90 Days lCvcles F

I I F

In I I II T = 30 'C I

I I 11 Cycle/Day I

I I I lfor 180 Daysi180 Cyclel

T 1 T _ - _. .

SlllHumidltv -30' to I Dry Dockc 1-30'C Dew 1 720 I 1Temperatore

1 1 +38*C Dew Dockside Point I nrs I IAir Pollutinn

I Point 1 30Days I I _

I I !IF F r

121 1 +38 Dew 1 2880 1 F I
F I 1 Point Mrs F F F

I F F 120 Davs I F I F

t31 I I 1+1inl to +3 °Ci 1I
FFD I I F ew Point F 8640 lirsl

141 Air 0 -500 PSIa Dockside and F1500 PSI 124 irs I I I Temperature

F Pollution Dry Dockc FR hrs/dav I F F [ iumiditv

F F I I for 3 davsbl F F _ F
F F F F - - ------ ... F . . ..

151 F I 1200 to 50PFS1440 rs I

1 1 F 18 hrs/dav F F
F I F FI _for 1 0 dansl _

a - PSI - Pollution Standard Index per Federal Regulations Vol. 4 0210.

h - Based on los Angeles experience, 1975. Ozone Is the ma or cntamin.ant.

v - Drvdnck frequency varies with ship type.
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TA RI.

'11SSION PROI t SI t' ) f IAC SI)' 15

i t RulATION OF' IXIOSIBIl (fIr, or c.,ts

RANGFOF' 11(( C N I I C0 II G [ILK I Co'I PANI I
No.1 FXPOSI'RE EXPOSU'RE 0 (C C ITA N CF EXT R FM I %,R. ('NCTP; YB. FX'f'Si1Pt-

I ITvmperthio 1 0' to Doc ksitde I o" C; .3:o~ iri 1 I"ridiit
I i n Air +38,c ISO8 days P I I ,'l, t i-

I t It,r 360 .ivs 1,r
I 4 7 T T'mpe r atir T- ',t o -T,\r ti' 1 c C for ['0 1,r -

1 lit Sea. Water 13 '2C ISO_ 18 x1v,

I IIIT rop Ical I +3."'C fo-r 18n40 SrI
I ~ ~ ~ ~ 6 I _ _ I Flavs I II V r.t Iin m

I- - lo 1' 1 +3o<' Tsi, .o

6 1 lfo)r IhO davs h I 
-7 TT T F -I -<

r v.ressore Ion0 to 23fllServIcv ? Y)0 k Pa tor 186400 SrI T''vp.r.irel
I Ik~n 3601 v~ss~ Vi br, in i

1) ltnilt 0" to [Sevrv Ice 18'7 0.' 18W.0. firI I Tenperait trel

I1+38'C Doew I310 das o I I t Il~ it I)1

f 11. P .; 160 davs Ir hr

I It 0o-Soo Ioo''ksi do 8 1,r s 'il v 2' hr [ITemper int ti
Ilol int ton 1-13' t o r~ 3 liv,, Ii ' I

I F [11 ]I so 1) ri;
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The importance of Mission Profile data becomes obvious when considering

that the environmental stresses to which a connector is exposed throughout its

lifetime influence the rate at which the watertight bond of molded hoot-to-cable
or -to-metal sleeve deteriorates. Bond deterioration, the primary cause of

non-"0" ring related connector failures, is a diffusion dependent chemical

reaction and is related to temperature, pressure, moisture and time. The
Mission Profile for connectors defines these exposures in detail and TABLE 8

summarizes the extremes of the exposures and therefore defines the minimum

stress levels connectors must be designed to endure. Definition of these

levels is necessary to ensure that materials considered for connector construc-
tion can meet the minimum stress requirements and to design laboratory quali-

fication tests for connectors within the stress limits for the intended use.

Clamps

The literature was surveyed to identify clamps suitable for connector

application. Selection guidelines were set forth as discussed in the

section on Clamp Design and three clamps were identified as probable

successful candidates for this evaluation. These were;

1. Oetiker One Ear clamp, manufactured by Oetiker, Inc. This

clamp is available in various diameters and made of Type 316

stainless steel. An internal shield is available to minimize

pinching under the ear. Closure is accomplished by crimping

the ear closed with a crimping tool. The advantages of this
clamp are quick and positive closure. Disadvantages are that
the clamp does not adjust to a wide range of diameters, is

not available in other non-corrosive materials and can non-uni-

formly compress the connector boot because of the gap at the
ear. FIGURE 8 shows examples of this clamp.

2. Band-IL Jr. Preformed Clamp manufactured by the Band-It Company.
This clamp is available in various diameters and made of type

316 stainless steel. Closure is made by an external tensioning

tool. The advantages are that the band can be expanded to
acconmodate many diameters, closure is easily accomplished
(but takes longer than the Oetiker clamp) and this clamp is
available in type 316 stainless steel. Disadvantages are

that the clamp is not available in other non-corrosive mater-
ials and a small non-uniform compression area exists under

the closure buckle. FIGURE 9 shows some examples of this
clamp.

3. Rand-It Scru-Lokt clamp manufactured by the Band-It Co. This

clamp is cut from a continuous roll of banding and fitted
with a closure requiring a screw crimping device. Advantages

are that the band and closure are available in Monel and
silicon bronze as well as type 316 stainless steel and the
band can be cut to size. Disadvantages are that closure

takes a longer time than with the previous two clamps and a

small non-untform compression area exists tinder the buckle.
FIGURE 10 shows an example of this clamp.
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TABLE 8

CONNECTOR STRESS EXTRFIES

Exposure I Occurrence Maximum I Duration/Yr

Heat, Dry I Storage I +70°C 900 flrs.

i I I

Heat, Wet I Tropical Service +32°C I 8640 lrs.

Cold, Dry I Arctic Service I -55 0 C 504 lirs.

Pressure, Water I Submarine Servicel 4100 kPa I 7200 Hrs.
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Parallel Technology

Mechanical clamps have been successfully used for several underwater
applications. Several sonar transducers use metal banding to seal an
elastomer boot enclosing the unit as in the rubber boot on the TR-203A,

TR-193B, TR-205, TR225, and DT-168A. For these applications, bands made

of type 316 stainless steel have been successfully used.

In the area of connectors, a connector made by Souriau in France is
marketed for high pressure underwater applications. This connector uses

a stainless steel strip to secure and seal an elastomer boot encapsulating

the connector. Service data are not available on

this connector.

Test Connector Design and Fabrication

The test connector was designed to simulate the wetted components of the
Portsmouth connector. The metal sleeve was machined to the MIL-C-24231

specifications from K-Monel stock. However, the reduced radius present on the

cable end of the Portsmouth sleeve was omitted from the test hardware to
simplify manufacturing. The sleeve design is shown in FIGURE 11.

The test connector was designed to incorporate leakage probes to de-

tect leakage at the boot-to-cable interface, boot-to-sleeve interface and

through the "r,- ring seal. The leakage probes were insulated from the
metal component of the connector but provided an electrical path from

the point of measurement to the test tank if leakage occurred.

A double "0" ring system was designed to seal the interior of the

connector sleeve during pressure testing. FIGURE 12 shows a cross section
of the test connector mounted on a receptacle plug. The "0" ring leakage
detector is located between the two "0" rings. The cable-to-boot detector
is located at the end of the cable within the molded boot and the boot-to-

sleeve leakage detector is at base of the elastomer inside of the sleeve.

The connector boots were fabricated in a mold designed to fit the test

sleeve. This mold was constructed to be used both for casting the polyure-

thane PR-1547 and for comprossion/transfer molding the neoprene. FIGURE 13
shows the mold used for manufacturing the test connectors.

A portion of the completed connectors were fitted with the identified
clamps. The Oetiker clamp was tensioned by crimping with a supplied tool

as shown in FIGURE 14. FIGURE 15 shows a test connector with closed

Oetiker clamps at both bond interfaces. Compression of this clamp was
not adjustable and was set by the diameter of clamp and connector.

Both Band-It clamps were Installed and tensioned using a tool fitted
with a torque wrench. A torque value of 30 in-lbs. was determined by

measuring torque required to compress the boot by the thickness of the
clamp which was 0.022 inches, and this value was used to control instal-

lation. FIGURE 16 shows a Band-It clamp with the tensioning tool, and a

connector with Band-It clamps installed was shown In FIGURE 7.
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FIGURE II Test connector sleeve
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Connector Testing

Test connectors were manufactured to the parameters of the factorial
matrix as described In TABLE I. A test plan was developed as shown In
TABLE 9. The first part of the plan followed the acceptance tests in
MIL-C-24231 and was used to qualify the connectors. After Cycle 3, the
stress was increased each cycle to accelerate the failure rate.

For pressure testing a tank with a removable top was used. The top was
fitted with sixteen sleeve plugs to allow for pressure testing of half
of the matrix at one time. This configuration is shown in FIGURE 17.

Leakage measurements were made on each connector at the conclusion of
each pressure cycle. The measurements were made using a General Radio
Model 1863 Megohmmeter and the resistance readings from each probe re-
corded. The data obtained during the matrix testing are shown in Appendix A.

flot saltwater aging was done in a temperature controlled tank fixturing
the connectors so that the elastomer boot and cable were submerged. The
connectors were placed in a dry ice chest at -78'C for cold shock and in
a recirculating air oven at +70'C for dry heat aging.

For the ALT, the plan shown in TABLE 10 was used. This plan was less
severe than the matrix screening test plan and was designed to be repeated
on weekly cycles. The pressure taik, saltwater aging tank, cold shock chest
and dry heat oven were the same ones used for the factorial matrix. Data ob-
tained from the ALT are shown in APPENDIX B.

Resistance readings were made on the connectors in test until flooding
of the connector occurred. Resistance readings were found to decrease
before flooding occurred and the leakage probe showing the lowest resis-
tance was used to identify the failed bond. Leakage was confirmed by
visual bond inspection and In some cases by dissecting the connector
after a penetrant dye was applied.
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TABLE 9

SCREENING TEST PLAN

CYCLE* I DESCRIPTION I CYCLE I DESCRIPTION

1 Pressure cycle** 11 Saltwater, 70
0 C, 64 Hrs.

2 Fresh water, 25°C, 7 days Dry cold, -78°C, I Hr.

Pressure cycle
Dry heat, 700 C, 7 lirs.

3 IFresh water, 25°C, 7 days
Pressure cycle Saltwater, 70'C, 16 Hrs.

4 Saltwater, 60'C, 60 Hrs. Fresh water, 25°C, 8 Hrs.

Pressure cycle
Pressure cycle

5 IDry cold, -78 0 C, 160 Hrs.

Pressure cycle Saltwater, 70'C, 64

6 Saltwater, 70
0C, 60 Hrs. Dry cold, -78°C, I Hr.

Pressure cycle

Dry heat, 70 0 C, 7 Hrs.

7 I Saltwater, 880 C, 24 Hrs.

Pressure cycle 12 Saltwater, 70'C, 64 Hrs.

8 Saltwater, 88
0 C, 168 Hrs. Dry cold, -78°C, I Hr.

Pressure cycle
Dry heat, 700 C, 7 Hrs.

9 Saltwater, 70
0C, 168 Hrs.

Pressure cycle Saltwater, 70°C, 16 firs.

10 Saltwater, 70
0 C, 168 firs. Fresh water, 25°C, 8 lirs.

Pressure cycle
Pressure cycle

* Each test cycle is terminated by a set of insulation

resistance measurements.

** Pressure Cycle = 0-690 kPa and Hold for 5 Min.
0-690 kPa and Hold for 5 Min.

0-690 kPa and Hold for 5 Min.

0-13.8 MPa and Hold for 2 Hirs.
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TABLE 10

ACCELERATED LIFE TEST PLAN

Exposure Time, lrs. Temp, °C Conditions

1 64 70 sea water soak

2 I -78 dry cold

3 7 70 dry heat

4 16 70 sea water soak

5A* I 25 fresh water and

'9 pressure cycle

5B* I 70 sea water soak

b 16 70 sea water soak

7A* I 70 sea water soak

7B* I I 25 fresh water and

pressure cycle

8 40 70 sea water soak

9 1 -78 dry cold

10 7 70 dry heat

TOTAL 168

Repeat cycle.

*Order reversed for one half of the connectors.

38

-'i . . . . .. . ... .. 'i .... . .. .... .. ll "



TEST RESULTS

Factorial Matrix

The factorial matrix containing 32 connectors, as shown in TABLE 1,

was tested for the 12 cycles listed ,n TABLE 9, and the connectors surviv-

ing at the conclusion of tile test are summarized in TABLE 11.

Fifty-three percent of the connectors had leaked by the test conclu-

sion. In TABLE 12 the number of test cycles to failure for each connector

is listed and a comparison is made between variables by summing the

total survival time of each variable and calculating the mean number of

cycles to failure. This weighte. performance is tabulated in TABLE 13.

Inspection of TABLE 13 suggests that neoprene Is superior to polyure-

thane In this application. Also the Band-It Preform and Scru-Lokt type
clamps seem to offer some advantage. The reader ir cautioned to avoid

trying to dr;-., more subtle conclusions from TABLE 13. One must rerember
that the figures of merit (mean cycles-to--failure estimators) displayed

in the table are distributed randomn variables, i.e., repetition of the
entire experiment would yield different resolts. Ideally, appropriate
dispersion measures should be associated with tie TABLE 13 entries.

Calculating dispersion data for the cable and connector factorial

experiment is complicated because not all the loading cycles are of the

same severity and the raw cycles-to-failure data have not been cataloged
by specific distributional type. To roughly fill this gap we might

imagine that the cycles to failure in a particular category are normally

distributed. In this case (wearout mucel) the fractional uncertainties

of the mean-cycleto-failure entries of TABLE 6 would equal r- ! / 2

where r Is the observed number of failures in the categories of interest.

If the random hazard or exponential model is actually more appropriate,

these dispersion measures would be some'hat different and based on the
2 distribution.

As a result of the Factorial analysis the following became the
preferred construction.

BAND-IT Preform or Scru-I.okt
Unshielded or shielded cable

Neoprene elas':omer

Bonded interface

For a finai selection of clamp, Band-It Preform was picked because
preasseribly was not required. Since shielded cable is used in fleet

service to a much greater extent than unshielded cable, the shielded
type was selected. Rand-It Preform clamp and HIL-C-9l5/8E, DSS-3
cable were used for manufacturing the remaining test connectors.

Reviewing the results of the matrix test, it is noted that seven of

eight neoprene connectors made without adhesive survived the test sequen(e,
and only one of the eight similarly made polyurethane connectors survived.
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TABLE 1
FACTORIAL MATRIX

TEST RESULTS

NUMBER OF CONNECTORS SURVIVING

I NEOPRENE (16)1 POLYURETHANE (16) TOTAL (32)

CLAMPED (24)1 Ii (92%) 1 3 (25%) 14 (58%)
I 1 1

INOT CLAMPED (8)1 2 (50%) 1 1 (25%) 3 (37%)

ISHIELDED (16)l 5 (62%) I 2 (25%) 7 (44%)

UNSHIELDED (16)1 8 (100%) 2 (25%) 10 (62%)

JBONDFD (16)l 6 (75%) 1 3 (37%) 1 9 (56%)I I I
NOT BONDED (16)1 7 (87%) 1 1 (12%) 8 (50%)

I I I
IOVERALL SURVIVINGI 31 (81%) I 4 (25%) [ 17 (53%)
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TABLE 13

NUMERICAL COMPARISON OF FACTORIAL EXPERIMENT RESULTS

I CUMULATIVE NUMBER MEAN CYCLES
ATTRIBUTE TYPE I EXPOSURE I OF I TO

I (CYCLES)* IFAILURESI FAILURE**I I1 I
CLAMPING NONE I 82 5 16

MODE I [
OETIKER 71 5 I 14

PREFORM I 93 2 I 47I 1 I
SCRU-LOKT I 84 3 I 28

CABLE I SHIELDED 155 9 17

TYPE
_ UNSHIELDED I 175 6 I 29I I 1 1

BOOT I POLYURETHANE I 137 12 11 
ELASTOMER i 1 1

I NEOPRENE I 196 3 I 65
-I- I- I.

BONDING I BONDED I 177 I 7 I 25

I NOT BONDED I 153 8 19

*Total Number of cycles experienced up until failure of each of the

connectors having that attribute.

**"Cumulative Exposure" divided by "Number of Failures."
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These data indicdae that the pressure qualification tests required by
MIL-C-24231 do not assure bond quality in a connector and that factors
other than bond quality may greatly influence the leakage characteristics

of connectors.

Analysis of the failed connectors was made by visual inspection fol-

lowed by dye penetrant inspection after which each unit was dissected to
confirm leakage paths. The failure analyses are tabulated in TABLES 14A

and 14B. It should be noted that a high number of cable bond failures
were observed and failures at the cable/boot interface are not generally

reported from the fleet. Apparently the high stress levels used in the
screening test activated this failure mode and accelerated the observa-
tion leakage at the cable much more rapidly than observed leakage in
normal service.

Clamp Efficiency

The ALT of TABLE 10 was used to test 32 control connectors and 32

test connectors. The construction as determined was:

Preferred Connector: Bonded Neoprene, Joy No. 319,735-8

Band-It Preform Clamp
MIL-C-915/8E, DSS-3 shielded cable

Control Connector: Bonded Polyurethane, PR-1547
No Clamp
MIL-C-915/8E, DSS-3 shielded cable

The ALT was terminated after 32 weeks of testing and after four

clamped neoprene connectors and eighteen polyurethane control connectors
had failed by flooding. All failed connectors were analyzed visually
and leakage was confirmed using a dye penetrant. The results of failure
analyses are shown in TABLE 15A and 15B and the data summarized into cate-
gorizes of identified failures in TABLE 16.

Resistance measurements were made on each connector during the pres-
sure cycles, exposures 5A and 7B on TABLE 10, and the data obtained are

shown in APPENDIX R.
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TABLE 14A

FAILURE ANALYSIS, FACTORIAL MATRIX

CONNECTOR NO. I CONSTRUCTION [ CYCLE ANALYSIS
___ _I FAILED I1 [ I

11 Bonded 3 I "0" Ring leakage. Bonds

I Neoprene ] I intact.

I Shielded ]

[ Oetiker _ ]

2 Not Bonded I 4 Leakage at cable/boot

I Polyurethane interface.

[ Shielded
I No Clamp I _

14 Not Bonded 4 I Leakage at cable/boot
I Polyurethane I I interface.

I Unshielded I
[__ Oetiker I _

10 [ Not Bonded 5 j Boot crimped by the clamp

I Polyurethane I at cable interface.

I Shielded [ I Leakage at cable/boot
_ Oetiker interface.

26 I Not Bonded I 5 Leakage at cable/boot

I Polyurethane I interface

Shielded I
__ I Scru-Lokt I _

--T- -I-- -

6 Not Bonded 7 I Leakage at cable/boot

I Polrurethane [ I interface.

I Unshielded I I
_ _ _ No Clamp I -

18 Not Bouded 7 I Crack developed in boot

Polyurethane I starting at the cable

Unshielded I Leakage at cable/boot

Preform Interface.

29 Bonded 7 Leakage at cable/boot
Polyurethane interface.

Unshielded
Scru-Lokt I

5 Not Bonded 8 [ Crack developed in boot.

Polyurethane I Leakage at cable/boot

Unshielded I interface.
No Clamp I
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TABLE 14B

FAILURE ANALYSIS, FACTORIAL MATRIX

CONNECTOR NO. [ CONSTRUCTION I CYCLE [ ANALYSIS

_ _ _ __ I FAILED I

9 Bonded I 8 Crack developed in boot.

I Polyurethane I I Leakage at cable/boot

I Shielded j I interface.
_ _ _ Oetiker _ I

22 [ Not Bonded 8 Leakage at cable/boot

I Polyurethane I interface.

I Unshielded

__ I Preform I
25 [ Bonded 11 [ Leakage at cable/boot

I Polyurethane [ interface.
I Shielded I
__ I Scru-Lokt I

13 I Bonded 11 i Leakage at cable/boot

I Polyurethane I I interface.

I Unshielded I I
_ _ _ Oetiker I I

3 Bonded I 12 Cable failed, leakage

I Neoprene through jacket. No

I Shielded I bond failure.

I No Clamp I

4 Not Bonded 1 12 I Leakage at cable/boot

I Neoprene I I interface.
I Shielded 1 I
I No Clamp ___
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TABLE 15A

ALT CONNECTOR FAILURE ANALYSIS

CONNECTOR NO. I CONSTRUCTION I CYCLE I ANALYSIS
I - _ _FAILED

2I Neoprene I 1 Manufacturing defect

__ I one clamp I I

29 I Polyurethane I I Manufacturing defect

_ control 1 I

14 I Polyurethane I 4 Bond failure at sleeve

I control I I I
24 [ Polyurethane [ 8 Mechanical failure

[ control I cracked during I
I Icold cycle due

___ Ito handling

13 [ Polyurethane I 9 Bond failure at cable
_ __ control I

32 I Polyurethane I I I Bond failure at sleeve

[_ I control _l1 I
26 I Polyurethane I 18 Bond failure at cable

__ I control I
1 1 I-

9 Neoprene I 21 I Bond failure at cable

__ I one clamp [ _

13 [ Neoprene I 21 Bond failure at sleeve

_ I one clamp I _I Ii
3 Polyurethane I 22 { Bond failure at sleeve

[_ I control [ _

5 Polyurethane I 22 I Mechanical failure,
_ control _ [ boot cracked

19 I Polyurethane 22 ] Bond failure at

_ control I sleeve

8 Neoprene I 23 1 Bond failure at

_ one clamp I ] sleeve
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TABLE 15B

ALT CONNECTOR FAILURE ANALYSIS

CONNECTOR NO. CONSTRUCTION iCYCLE IANALYSIS
____ ___ ___ ___ __ ____ ___ ___ ___ _ IFAILED _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7 I Polyurethane I28 I Bond failure at sleeve
____ ____ ____ ____ control __ _ _ _I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

18 I Polyurethane 29 IBond failure at cable and
_____________I control II sleeveI

28 I Polyurethane 29 IBond failure at cable and
I control Isleeve

20 Polyurethane 29 Bond failure at cable and

I control I _ __ sleeve

2 I Polyurethane I31 IBond failure at sleeve
I control _ _ _ _ _ _ _ _ _

4 I Polyurethane 131 IBond failure at sleeve
I controlI _________ ____

10 I Polyurethane 31 Bond failure a3t sleeve
control ___ ______ _____ ___

8 I Polyurethane I 32 I Bond failure at sleeveI
________________ I controlI ____I _ _ _ _ _ _ _ _ _ _ _ _

17 I Polyurethane 132 Bond failure at sleeve
_________________ control I
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TABLE 16

ALT FAILURE ANALYSIS SUMMARY

_ NUMBER OF FAILURES

ANALYSIS OF FAILUr . IUNCLAMPED POLYURETHANE I CLAMPED NEOPRENE I
r I

Manufacturing Defect I 1 I 1I 1
Mechanical Failure [ 2 [ 0

- -r
Bond Failure, Sleeve Only I 10 [ 2

Bond Failure, Cable Only I 2 I 1

Bond Failure, I
Both Cable and Sleeve I 3 I 0

I -
TOTAL 1 18 I 4
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APPENDIX A

TEST DATA FACTORIAL MATRIX
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APPENDIX B

TEST DATA ACCELERATED LIFE TEST

Legend for the Following Tables

Resistance in Gigohms except:

-- = Resistance greater than 10 Gigohms
M = Megohms

K = Kilohms
C = Continuity measured
X = Removed from test

N/R = Not read

Path Notation:

C = Cable bond

B = Backshell bond
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APPENDIX C

ESTIMATION OF ACCELERATION FACTORS

We are assuming that the bond failures are controlled by water permeation

through the elastomer to the bondline. One convenient measurement related
to water permeation is the weight change of samples in water.

Few data are available to date on the degradation rate of elastomers

and bonds in water at various temperatures. References [1) and 12) were
analyzed to estimate the acceleration factors used in this report. The
references report on measurements of weight change of various elastomers
in deionized water, artificial sea water and 3.5 percent saltwater at

several temperatures.

The specific polyurethane (PR-1547) and neoprene (Joy 319,735-8) used
in manufacturing connectors in this program are not included among the
materials reported. However, we are using the published data to generate
the acceleration factors since they discuss the same generic materials and
are likely to contain the same families of constituents. We do understand,
however, that differences in the additives can substantially affect the
aging characteristics of these elastomers. As shown in Table C-I, the accel-

eration factor between 25C and 70C may vary considerably depending upon

the formulation and the amount of water absorbed.

TABLE C-I

Measured Acceleration Factors for Weight Gain at 70°-vs-25 0 C

Material Water Weight Gain % Acc. Factor

(Baker and Thompson)
Polyurethane DI I xl .O

2 xl0.0
Sea 1 xl1.3

2 x16.9

Neoprene W DI 1 x16.8
2 x20.8

Sea I x 9.2
2 x14.9

Neoprene 5112 Sea I x3l.5
2 x37.5

(Glowe and Thornton)
Neoprene (Straza Salt 1 x 9.4

2 x15.2
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Since the purpose of the program was to compare polyurethane with
neoprene assemblies it was felt important to have acceleration factors for
the two materials that were comparable. Two phenomena in weight change
experiments appear to be eligible references for comparing the performance
of materials: the weight change at saturation, and the weight change at
disintegration. The records in reference [2] showed no saturation or
disintegration. In reference [1] the polyurethane saturated and disin-
tegrated at the same weight increase in sea water while neoprene W saturated
at 25*C at one weight increase and disintegrated at 80C at a higher
weight increase. While the data are confusing, the weight gain for
neoprene saturation at 25 0 C was about the same as for polyurethane
saturation at all temperatures, so the two materials are presumed to be
subject to failure at about the same weight gain.

The weight gain at failure measures about 2.5 percent, so the acceleration
factors used in this program are estimated from the measured acceleration fac-
tors for sea water at 2 percent weight gain. Having only one such datum for
polyurethane makes that choice simple, while the three such data for neoprene
makes the selection of a value more difficult. In absence of any better
methodology the three numbers were averaged.

TABLE C-II

Estimated Acceleration Factors for 70°-vs-25*C Exposures

Polyurethane x 17

Neoprene x 23
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